SUMMARY In subjects with familial hypercholesterolaemia for whom integrated exposure to hyperlipoproteinaemia can be determined, arcus development correlates with age rather than extent or pattern of hyperlipoproteinaemia. This permissive effect whereby arcus development becomes progressively time-dependent rather than dose-dependent at increasing levels of hyperlipoproteinaemia may underlie difficulties in the interpretation of premature corneal arcus in less specific disorders. Arcus development is not apparently influenced by levels of high-density lipoprotein in plasma.
Patients with premature corneal arcus may be hyperlipidaemic. However, it is the common experience that patients selected because of either hyperlipidaemia or accelerated corneal arcus do not show any obvious association between the extent of these 2 disorders. A probable reason for this discrepancy is that most patients with hyperlipidaemias do not have primary disorders, nonfamilial type Ila and IIb disorders being the most common finding. [1] [2] [3] These secondary hyperlipidaemias may fluctuate in extent and are very unlikely to have been present from early life. Thus the extent and duration of the hyperlipidaemia prior to assessment cannot be estimated, only the extent at the time of analysis. Furthermore, there is no clear evidence in man that regression of corneal arcus is achieved by control of any associated hyperlipidaemia, further obscuring any general relationship with a fluctuating or intermittent hyperlipidaemia.
In attempting to define any such general relationship, forms of familial hypercholesterolaemia (FR) are of special interest. Accelerated development of corneal arcus is common and in these disorders the plasma lipoprotein patterns are broadly consistent from early life until diagnosis and treatment, irrespective of age. 45 Thus integrated exposure to hyperlipidaemia and to levels of specific lipoprotein components in plasma can be calculated, and possible associations with the development of corneal arcus can then be assessed.
Clinical and biochemical observations were recorded for patients homozygous and heterozygous for FR. The extent of corneal arcus was assessed on a graded scale, and the relationship with extent and pattern of dyslipoproteinaemia was assessed mainly from data recorded for new heterozygotes seen at presentation before treatment.
Patients and methods

SELECTION OF PATIENTS
Nineteen male and 8 female heterozygotes were identified and assessed on presentation over a 4-year period at the Lipid Clinic of St Bartholomew's Hospital. Diagnosis was made from symptoms and signs at presentation, lipoprotein profiles, and family studies, with some exclusion of other causes of hyperlipoproteinaemia. Studies of cell-surface receptors for low-density lipoprotein (LDL) were not regularly performed. Observations recorded are shown in Tables 1 and 2 . Corneal arcus or xanthelasmata had led to presentation of some cases, but many asymptomatic cases were diagnosed through family studies and no selection bias other than survival was apparent.
The six homozygotes seen were attending the Hammersmith Hospital, London, for plasma exchange. Diagnosis had been previously established, 
Results
In the multivariate analysis it was assumed that arcus grade could be used as both a discrete and continuous variable, and analysis of the combined data for new heterozygotes supported a linear trend of arcus grade with age by means of a one-way analysis of variance with contrasts. Mean age of patients and numbers for each arcus grade were as follows: Relationship between age and arcus gradeforheterzygotes at presentation. Regression lines were derivedfor: All patients:
age=26-19+7-59 arcus grade. Males only: age=26-96+6.91 arcus grade.
incorporating age, but these were invalid in view of the correlation with age alone. However, the relationship between arcus grade and (plasma cholesterolxage) is of interest, as data for the 6 homozygotes may be included after correction for minor responses to treatment as shown in Table 3 . This relationship is shown in Fig. 2 , with the regression lines for heterozygotes to which the additional data also broadly conformr. A moderate positive correlation between arcus grade and HDL cholesterol with the combined group of heterozygotes (r=0-420, p=0-(41) was not found with the male and female patients alone, the non-significant correlation for males being negative.
Discussion
A general relationship between age of patient and extent of corneal arcus is widely recognised, but factors influencing the development of comeal arcus are clarified in the extreme case of familial hypercholesterolaemia. Development is related to the patients' age and thus to the duration of hyperlipo- The overriding relationship with age is consistent with a permissive effect and a saturation process, becoming progressively time-dependent rather than dose-dependent with increasing hyperlipidaemia and particularly with excess of low-density lipoprotein. This indirect relationship probably contributes to the more general problem of assessment of the clinical significance of corneal arcus in patients with a background of hyperlipidaemia, which is less specific or consistent than with monogenic familial hypercholesterolaemia. An added complication is that arcus is a cumulative process which is not known to regress in man, and appears to be unaffected by reduction in level of any associated hyperlipidaemia. Further racial and local factors above this permissive effect may contribute to the observed wide individual variation, including differential carotid stenosis, as with homozygous patient E, local corneal temperature and limbal blood flow, and secondary changes in long-standing insudated deposit, which impair remobilisation. 913 The level of HDL in plasma is a negative risk factor for ischaemic heart disease. Limited data in the present study suggest that levels of HDL in plasma or the HDL/LDL cholesterol ratio do not significantly influence arcus development. The same data have also shown that the development ofxanthelasmata, in which lipid deposits are intracellular in contrast to those of corneal arcus, are promoted by hypertriglyceridaemia and relative deficiency of HDL,9 although the 2 factors are not independent. These observations further reinforce the dissociation between cardiovascular disease and arcus development.
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